ple, cortical and multiple infarcts in multiple regions were associated with dementia; cortical, multiple, large and bilateral infarcts were associated with lower cognition, particularly lower memory function and perceptual speed. These effects were not modified by race.
in ascertaining the relative risk of impairment should these combinations exist in routine neuroimaging scans. To examine these questions, we used data from the Chicago Health and Aging Project (CHAP), an ongoing epidemiological study of aging and Alzheimer's disease (AD), to examine specific infarct characteristics and their association with dementia and cognitive function in a biracial sample of more than 500 older individuals. We then examined whether any of these associations varied by race/ethnicity.
Methods and Materials
Study Population CHAP is a longitudinal population study on common chronic health problems in black and white older adults. Beginning in 1993, 78.7% of residents over 65 years old in a geographically defined, biracial Chicago community were enrolled in the study. Each data collection cycle has two in-home phases: a population interview with brief physical and cognitive function tests, and a clinical evaluation of a stratified random sample of subjects. Clinical evaluations were conducted by a team of examiners led by a senior neurologist, with structured neurological evaluations and medical histories carried out by trained nurse clinicians. A senior neuropsychologist, blinded to age, gender, race, and clinical data other than the subject educational level, occupation, and information about sensory or motor deficits, reviewed the results of 17 cognitive performance tests and summarized impairment in five areas (orientation, attention, memory, language, and perception). Participants were evaluated in person by a neurologist or geriatrician with expertise in evaluating older persons with and without dementia. Based on this evaluation, participants were classified with respect to AD and other common conditions with the potential to impact cognitive function. Details of the evaluation have previously been described [13, 14] . Dementia diagnosis required assessment of loss of cognitive function and impairment in two or more areas of cognitive performance testing. AD diagnosis used the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria [15] , and vascular dementia diagnosis used NINCDS-AIREN criteria [16] . Clinical stroke diagnosis was based on a review of the participant's medical history and a neurological exam [17, 18] .
Of the 1,242 subjects completing the clinical evaluation, 580 persons participated in an MRI evaluation. They had a mean age of 79.8 years (SD = 5.9), completed a mean of 13.0 years of education (SD = 3.7), and had a mean Mini Mental State Examination (MMSE) score of 26.2 (SD = 3.8); 57.1% (331/580) were women and 58.3% (338/580) were African American. Dementia was present in 81 (14%) participants: 75 AD dementia cases, 2 cases of vascular dementia, 3 cases of dementia of unknown subtype and 1 case of Parkinson's disease. We repeated our analyses excluding the 2 persons with vascular dementia because vascular dementia may remain static and show no progression over time. Results were comparable to the full dementia group; thus, all results reported in this article were performed with the full dementia group. Signed informed consent was obtained from each subject, and the Institutional Review Board of Rush University Medical Center approved the study.
Cognitive Assessment. The 17 cognitive function tests assessed a broad range of cognitive abilities that may be differentially affected by aging and AD, and included measures of episodic memory [19] [20] [21] , semantic memory [22, 23] , working memory [24] , perceptual speed [25, 26] , and visuospatial ability [27, 28] . The MMSE was used for descriptive purposes only. We constructed summary measures of global cognition and each of the five cognitive domains into which we hypothesized the test could be grouped (episodic memory, semantic memory, working memory, perceptual speed, and visuospatial ability), rather than using individual test scores. Each summary measure was constructed by converting the raw scores from individual tests to z scores using the mean and SD from the baseline clinical evaluation of all participants in the CHAP study and averaging the z scores. Valid summary measures required valid scores on at least half of the component tests. Several studies characterizing cognitive function using this approach and other cohorts have previously been reported [29] [30] [31] [32] [33] .
MRI Evaluation
The methods for MRI acquisition and infarct quantification were previously described [34] . Subjects were imaged on a General Electric 1.5-T scanner (Excite platform, version 11), and the following imaging sequences were obtained: FLAIR: TR = 11,000, TE 144, T1 2,250, 22-cm FOV, 3-mm slide thickness, 192 ! 256 acquisition matrix; APGR: TE minimum, 20-degree flip angle, 24-cm FOV, 1.5-mm slice thickness with 256 ! 256 acquisition matrix, and Double spin Echo: TR = 2,100, TE = 30/92, 22-cm FOV, 4-mm slice thickness, with 256 ! 192 acquisition matrix. Digital information was then transferred to a central laboratory for processing and analysis. Analyses were performed blind to any identifying information and used the Quanta 6.2 package. Lesions 3 mm or larger were considered brain infarcts. Infarct number, region (cortical, subcortical), side, and size ( ! 1 cm, 6 1 cm) were also recorded. Two raters determined the presence of cerebral infarcts on MRI. Previously published kappa values for agreement among raters have been good, ranging from 0.73 to 0.90 [34] .
Statistical Analysis
Differences between groups with and without infarcts were compared using t tests (continuous variables) or 2 tests (categorical variables).
Multiple logistic regression models were used to document association of MR infarct characteristics with the presence of dementia, controlling for age, sex, education, race, and time from clinical evaluation to MRI. We determined the odds of dementia in those with infarcts and conducted similar analyses using the number, size, laterality, and region of infarcts as predictors. Numbers of infarcts were coded as dummy variables, representing none, one, or more than one infarct. For all analyses, the referent group was MRI participants with no infarcts. To examine the combined effects of infarct number and region, infarcts were further classified into the following groups: (1) none; (2) single infarct; (3) multiple infarcts ( 1 1) in the same region (i.e., cortical, subcortical, or brainstem/cerebellar), and (4) multiple infarcts in two or more regions. We included terms for those with small ( ! 1 cm), large ( 6 1 cm), and both small and large MR infarcts compared to the reference group. In the model examining infarct laterality, we included terms for left-, right-, and both left-and rightsided infarcts. We used multiple logistic models with cortical infarcts, subcortical infarcts, and brainstem/cerebellar infarcts (each compared to no brainstem/cerebellar infarcts) as predictors in the same model; this accounts for persons with infarcts in all three regions.
A similar set of regression models examined the association of infarct characteristics with the global measure of cognitive function and with each summary measure of the five cognitive domain groups. We investigated whether these associations varied by race/ethnicity using interaction terms. All models were validated graphically and analytically. Statistical significance was determined at p ! 0.05. All analyses were performed using SAS/ STAT software version 9.2 [35] .
Results

Description of the Cohort Based on Infarct Status
MRI scans of 156 persons (26.9%) showed evidence of one or more infarcts. Persons with infarcts and those without did not differ significantly with respect to sex, race, education, or mean MMSE score; however, persons with infarcts were slightly older (80.8 vs. 79.4, table 1 ). Approximately 72% of subjects with MRI infarcts had no evidence of stroke via history or exam (10 in the cortical group, 100 in the subcortical group, 2 in the cortical and subcortical group, and 9 in the brainstem/cerebellar group).
Of the persons with infarcts, 16 (10.3%) had cortical (2 with multiple), 122 (78.2%) had subcortical, 5 (3.2%) had both cortical and subcortical, and 13 (8.3%) had brainstem/cerebellar ( table 2 ) . One hundred and eight persons (18.6%) had evidence of one infarct, while 48 (8.3%) had more than one (30 persons with 2, 9 with 3, 4 with 4, 4 with 5, and 1 with 7).
Infarcts and Dementia
Persons with cortical infarcts were more than fourfold more likely to have dementia. By contrast, the odds of dementia in persons with subcortical infarcts were 0.87. Persons with one infarct did not have increased odds of having dementia ( table 3 ). The odds of dementia with multiple infarcts were 1.80 (not statistically significant). In further analyses, persons with multiple infarcts in multiple regions had sixfold increased odds of dementia, whereas those with multiple infarcts in a single region did not differ significantly from persons with no infarcts (data not shown). There were no associations with the anatomical aspect of infarcts ( table 3 ) . We added an interaction term for race/ethnicity to all of our models; no interactions were noted.
Cerebral Infarcts and Global Cognition
In a multiple linear regression model with cortical, subcortical, and brainstem/cerebellar infarcts, only cortical infarcts were significantly associated with poor global cognition ( table 4 ). Multiple infarcts were associated with poorer global cognition, but a single infarct was not. Infarcts in multiple rather than single regions were associated with poorer global cognitive function ( table 5 ) . Bilateral infarcts were associated with poor global cognitive function but had no association with a specific side. Large infarcts were associated with poorer global cognition, whereas smaller infarcts were not ( table 4 ) . Similarly, no interactions were noted when we added a term for race/ethnicity.
Cerebral Infarcts and Cognitive Systems
We next examined if associations of infarcts varied across the five cognitive domains ( table 4 ). As expected, MR infarct characteristics were most consistently and strongly related to perceptual speed. Cortical infarcts were strongly associated with poorer performance in perceptual speed and working memory. Moreover, multiple infarcts lowered episodic memory, a cognitive system most closely associated with AD ( tables 4 , 5 ). Bilateral infarcts were associated with poorer performance in all cognitive systems except visuospatial ability. Large infarcts were associated with poorer working memory and perceptual speed. We added terms for the interaction between race/ethnicity. Of 25 separate models, only two had interactions, about the expected number by chance, providing little evidence that race/ethnicity modified the examined association.
Because the combination of infarct number and region may be a stronger predictor of cognitive function than infarct number or infarct region alone [36] , we examined the relationship between multiple infarcts and multiple regions and cognitive performance. Participants with multiple infarcts in multiple regions had poorer performance in our global measure of cognitive function than those with multiple infarcts in a single region, and exhibited poorer performance in all but one cognitive system ( table 5 ).
Discussion
In this study, we found that several MR infarct characteristics were important to cognitive function: cortical infarcts and multiple infarcts in multiple regions were associated with increased odds of dementia. Cortical, multiple, or large infarcts were associated with lower global cognitive function (particularly lower perceptual speed) and memory function. Finally, the effect of MR infarcts on dementia and cognitive function did not vary by race or ethnicity.
Over the last decade, several clinical radiological studies have shown that cerebral infarcts noted on MRI increase the odds of dementia and these associations may depend on specific infarct characteristics such as number [3, 37, 38] , size, side [4, 7, 39] , or region [2, 40] . However, whether these associations are similar in the general population is largely unknown. Only two previous studies have examined this issue [3, 37] . The first study [3] found that the presence of one or more large infarcts noted on MRI was associated with increased risk of dementia. Other infarct characteristics, such as location or anatomical side, were not examined. In the second study [37] , infarcts were present in 21% of the sample and were characterized based on their presence or absence, anatomical location, and size. The presence of infarcts noted in the baseline evaluation more than doubled the risk of having dementia and was associated with poor global cognitive performance. The results of this current study suggest that infarcts are associated with an increased risk of dementia and lowered cognitive function but also extend these findings in several important ways.
We found that cortical infarcts and multiple infarcts in multiple regions increased the odds of having dementia. Cortical infarcts are more likely to impair cognitive function due to their large size and the involvement of multiple areas of gray matter [4, 7, 8, 39, 41] . In contrast to findings from clinical pathological studies that have shown that persons with lacunar infarcts (typically subcortical) were more likely to have dementia, or needed fewer plaques and tangles for a clinical diagnosis of AD [42] [43] [44] [45] , we did not find an association between subcortical infarcts and odds of dementia or lowered cognitive function. Several factors could account for the discrepancies in results. A significant proportion of the sample was not demented, which may have limited the amount of coexisting AD pathology. Second, there was overlap between persons with cortical and subcortical infarcts. For instance, in our sample, only 32 of the 122 persons with subcortical infarcts had two or more infarcts, and only 10 of the 122 persons had small and large infarcts. Small numbers in some groups may have limited the ability to detect an association, making interpretation difficult.
The presence and region of additional infarcts may also have influenced the effect of subcortical infarcts. As reported by others [11, 37] , multiple infarcts from multiple regions were linked to an increase in dementia and lowered cognitive function. This may suggest that not all subcortical infarcts are deleterious, but that a subgroup of persons with subcortical infarcts and with infarcts specifically in the cortex, brainstem, or cerebellum is susceptible to dementia and lowered cognitive function. Indeed, this may reflect more widespread and severe vascular disease. Whether these and other factors play a role in the association of subcortical infarcts (and cortical infarcts) with dementia will need to be explored in further studies with larger numbers.
Although infarcts were associated with lower function in a spectrum of cognitive domains, perceptual speed had the strongest and most consistent association with infarcts -a finding consistent with several clinical ra diologic study results [46] [47] [48] . Disruption of the prefrontal-subcortical loops may be involved, which can lead to impaired prefrontal lobe functioning and impaired information processing [49, 50] . Infarcts have also been associated with poor performance in episodic, semantic, and working memory, consistent with previous studies, suggesting that though the pattern and severity of cognitive impairment may differ, infarcts can mimic and compound some of the primary effects of AD pathology [51, 52] .
Although studies have suggested that cerebrovascular disease and cerebral infarcts are more prevalent among African Americans [53] [54] [55] [56] [57] and may play a larger role in the etiology of dementia within this racial group, in our sample, the association of infarcts with risk of dementia and lower cognitive function was similar among African Americans and Caucasians, suggesting that race/ethnicity alone does not modify the association of infarcts with cognitive function. Longitudinal assessment of cognitive function in relation to infarcts is needed to further examine these preliminary observations. This study's strengths include a large well-characterized cohort of older blacks and whites, inclusion of dementia and continuous measures of global cognitive function, and specific cognitive systems in our analytic models. We conducted analyses with multiple cerebral infarct characteristics. When we explored combined characteristics, the group numbers decreased; thus, further study with larger sample sizes is necessary. Other limitations include the cross-sectional design and losses for MRI participation. In addition, the association of infarcts with other neuroimaging and biological markers relevant to dementia and cognitive function (e.g. white matter hyperintensities, hippocampus, infarct lesion volumes, and vascular factors) was not assessed and requires future study.
